From the bark of Vitex pinnata, one new iridoid glucoside, pinnatoside (1) and three known flavonoids, viscioside (2), apigenin (3), and luteolin (4), were isolated. Structures of these compounds were determined from NMR spectroscopic studies. Compound 1 exhibited modest antifungal activity against Candida albicans.
Vitex pinnata Linn (Verbenaceae.) is a tree of moderate size and widely distributed in the tropical regions of Asia. This plant has a number of folkloric medicinal applications including stomachache, post childbirth recovery, fever and wound healing [1] . Previous phytochemical studies of the various species of this genus have led to the isolation of flavonoids, chalcones, ecdysteroid, 20-hydroxyecdysone and iridoid glycosides [1] [2] [3] [4] [5] . In this paper, we report the isolation and structure elucidation of one new iridoid glucoside, pinnatoside (1) and three known flavonoids, viscioside (2) , apigenin (3) , and luteolin (4) . Compound 1 exhibited moderate antifungal activity against Candida albicans, while compounds 2-4 were found to be inactive in this assay.
Pinnatoside (1) was isolated as a colorless solid. Its HR-FAB-MS exhibited a molecular ion peak at m/z 658.2085 and provided a molecular formula of C 29 H 38 O 17 (calcd 658.2109). The UV absorption bands at 262 nm and 291 nm revealed the presence of a substituted benzoyl group in this molecule [6] .
The 1 H NMR spectrum (CD 3 OD, 300 MHz) of 1 showed the resonance of one-proton double doublet at δ 6.36 (J = 6.0 and 1.8 Hz ) and a double doublet at δ 5.10 (J = 6.0 and 3.9Hz) due to the C-3 and C-4 methine protons, respectively. The C-6 methine proton resonated at δ 4.46. Another downfield broad singlet at δ 5.85 was ascribed to the C-7 methine 3.79 overlap - couplings with the C-7 methine proton (δ 5.85). 1 H-1 H spin correlations between the C-4 (δ 5.10) and C-3 (δ 6.36) methine protons were also observed in the COSY-45 o spectrum of 1. These COSY spectral data was very helpful in determining the basic iridoid skeleton for compound 1 [7] [8] . Careful interpretation of the 1 H, 13 CNMR, COSY and HMBC spectral data of 1 suggested the presence of two glucose moieties in this natural product. The 1 H NMR spectrum of 1 exhibited signals for C-1′ and C-1′′ anomeric protons at spectra (broadband and DEPT experiments) also confirmed the presence of 4-hydroxy-3methoxybenzoate and two glucose moieties in compound 1 [7] [8] . The points of substitution of these aforementioned moieties in 1 were determined from the HMBC spectrum. The C-6 methine proton (δ 4.46) showed long-range heteronuclear couplings with C-5 (δ 46.3), C-7 (δ 132.7), and C-1′′ (δ 102.2). H-1′′ (δ 4.38) showed cross-peaks with C-5′′ (δ 77.9), H 2 -6′′ (δ 3.67 and 3.79) with the ester carbonyl C-7′′′ (δ 168.0), and H-2′′′ (δ 7.59) and H-6′′′ (δ 7.63) with the ester carbonyl carbonyl C-1′′′ (δ 168.0). These HMBC spectral data indicated that the 4′′′-hydroxy-3′′′-methoxybenzoate group was substituted at C-6′′ in one of the glucose moieties. These HMBC interactions also suggested that this 6′′-O-(4-hydroxy-3-methoxybenzoyl)-β-glucose moiety was substituted at C-6 of the iridoid skeleton of compound 1. An extensive literature survey indicated that a C-6 methine proton, geminal to an ester functionality, resonates at δ ~4.80-5.20. This particular proton resonates at δ ~ 4.40-4.50 when it is geminal to a sugar moiety in iridoids of this class [7] [8] [9] [10] [11] [12] . In compound 1, H-6 resonates at δ 4.46, which matched nicely with the chemical shift values of H-6 of those compounds containing a sugar moiety at C-6. Another possibility regarding the presence of the second glucose moiety at C-6′ was ruled out on the basis of the 13 C NMR chemical shift value of C-6′. We had observed three methylene signals at δ 66.3, 62.9 and 63.9 in the 13 C NMR spectrum of 1. The downfield chemical shift values of these signals were indicative of the presence of geminal oxygen functionalities. It has also been reported in the literature that C-6 appears in the range ~68-70 ppm when this carbon is bonded to another glucose moiety [13, 14] . The C-6, bonded to an O-benzoyl moiety, Flavonoids and an iridoid glycoside from Vitex pinnata Natural Product Communications Vol. 4 (1) 2009 3 resonates in the range of δ ~64.0-66.0 [11, 12] . In the case of compound 1, two methylene signals resonate at δ 62.8 and 63.9, suggesting the presence of geminal hydroxyl groups. These signals were assigned to C-10 and C-6′, respectively. The chemical shift value of the third methylene signal was close to those iridoids containing 6-O-acyl groups in glucose and this led us to substitute the 4-hydroxy-3-methoxybenzoyloxy group at C-6′′. Complete 1 H and 13 C NMR spectroscopic data of compound 1 have been given in Table 1 . Important HMBC interactions of 1 are also shown in Figure 1 .
The stereochemistry at all chiral centers in compound 1 was established with the aid of the NOESY spectrum, and 1 H-1 H coupling constants. H-1 resonated as a doublet at δ 5.15 and exhibited vicinal coupling with the C-9 methine proton (J 9β,1α = 8.2 Hz). This large coupling constant indicated pseudo-trans diaxial orientations of H-9 and H-1. This orientation was also confirmed from the NOESY spectrum, which showed cross-peaks between H-5 (δ 2.84) and H-9 (δ 2.92). Cross-peaks between H-1 (δ 4.94) and H-6 (δ 4.46) were also observed in the NOESY spectrum of 1. These NOE data suggested a cis relationship between H-5 and H-9. It has been reported in the literature that H-5 and H-9 have β-orientations in this class of iridoids and, based on this biogentic consideration, we assigned β-stereochemistry for H-5 and H-9 [7] . Neither of these protons exhibits a NOE with H-1 and H-6, and these NOE data led us assign α-orientations for H-1 and H-6. Based on these spectral data, structure 1 was assigned to this new natural product.
Additionally, we have also isolated three known flavonoids viscioside (2), apigenin (3), and luteolin (4). Compounds 2-4 were identified by comparing their spectral data with those reported in the literature [15, 16] .
Flavonoids and iridoid glycosides have been reported to have antibacterial and antifungal activities [17] . Based on these reported bioactivities, compounds 1-4
were evaluated for antifungal activity against Candida albicans using the progressive double dilution method [18] . Compound 1 was found to be active in this assay with a minimum inhibitory concentration (MIC) of 16 μg/mL. Compounds 2-4 were inactive in this bioassay.
Experimental
Plant material: The bark of V. pinnata was collected from Sri Lanka. The plant was identified by Dr. Radhika Samarasakera, Natural Products Development Group, Industrial Technology Institute, Colombo, Sri Lanka and a voucher specimen (CHE-2) has been deposited in this institute.
Extraction and isolation:
The dried bark of V. pinnata (2 kg) was extracted with ethanol. This extract (100 g) was then subjected to column chromatography using silica gel as stationary phase using n-hexane-chloroform (0-100%) and then chloroform-methanol (0-100%) as mobile phase. The fractions collected were analyzed using analytical thin-layer chromatography (TLC). Fractions that showed similar R f values were combined. The fraction obtained on elution of the silica gel column with chloroform-methanol (70:30) was subjected to preparative TLC using ethyl acetate-methanol (9:1) to afford compounds 1 (3.9 mg, R f 0.21), 2 (3.0 mg, R f 0.16), 3 (4.3 mg, R f 0.40) and 4 (8.9 mg, R f 0.48).
Pinnatoside (1) [α] D : -63.4 (c 0.29, MeOH). R f : 0.21 (Ethyl acetate-methanol 9:1). IR (KBr): 3554, 1712,1680 cm -1 . UV/Vis λ max (MeOH) nm: 262, 291. 1 H NMR (300 MHz, CD 3 OD): Table 1 . 13 
